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100103481 








#a± & mm (^i*) 



(54) [56M©*«;] 7i5-f hJRBflBya 



(57) im) 

iffikm) *»7i7^ h^mmit. c-.o. 

0 3~0. 18%. Si : 1%&T. Mn : 2%&T. 

P : 0 . 0 2 5%UTF. S : 0 . 0 1 %UIT. C r : 1 

~15%.N:0.0 0 5--0. 08%. Nb : 0. 

0 0 2-0. 15%. V: 0. 0 0 5-0. 5%. A 
1:0. 0 2%U1T. O:0. 0 2%WT£^. ^ 
rv+2Nb^0. 0 1 5C r j iWzL. fro. WP 

¥1 0 6 ffl/mmWTJ>S. 
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lffifm$<Mffl} 

immi] W/oX\ C : 0. 0 3-0- 18%. S 
i : 1 %lilT. M n : 2%WT. P : 0 . 0 2 5%Jil 
T. S : 0. 01XHT. Cr:l~15%, N:0. 

0 0 5-0. 0 8%. Nb : 0. 0 0 2-0. 1 5%, 
V : 0. 0 0 5-0. 5%. A 1 : 0. 0 2%OT, O 

(MBR) : 0. 0 2%OT££*. SoPfi^^Wf^ F e 
J: 0=5:0. **oT8fi^)(l) i^l^U £*>fc. #Wc 

1 0«ffl/mmWCft47x?>f h$Bi£M. 
V+2NbS0. 015Cr • • • • (1) 

[USE 2] Fe?)-giS|Cft;iT. TI£?H- 

>f:Mo:0. 0 1 ~5%4fcJ4/fc ilfW : 0 . 0 1 
-5%. 

D : N i : 0. 0 1-5%. Cu : 0. 0 1— 5%fc«k 
l/Co:0. 0 1~5%O3t>fr4>»**lfcl»4;fcli 

2«ja±. 

A: B : 0. 00 05—0. 0 1%. 
-: REM : 0. 0005-0. 0 1%. 
*:Ca:0. 0 0 05-0. 0 1 %4fctt/fcJ:tfM 
g : 0. 0005-0. 0 1%. 
A.:Zr:0. 0 0 5-1%. Ti : 0. 005-1 
%. Ta : 0. 0 0 5— 1 %. Hf : 0. 00 5-1% 
&<J:tfNd:0. 0 0 5~l%<7)a*>A^3MtfilJtlS 
*fcli2«HJ:££H-C0. 0 0 5-1%. 

[00 0 1] 
[00 02] 

#4 7. l^gBS: WEE* 
WB^&*lS*iB*mfc l/Cli. 2 • l/4Cr-lM 
o», 9Cr-lMogI&i:£)7x7-'f 1-Si. 18Cr 

-8N iMizftM%tih*-A j ?"M hjfa^yuxm 

[00 03] W>tt7i7^ MBIi. *-^T^-f b 
^Xr>-^XiH(Cit^T^«Tj)l>{f^Of^<, WJ£ 

[0 0 04] ZWzfr. jfi*f8— 1 3%C9Cr 
hyxy-t ^<-^CMo. W. Nb. V. 
liC o . T a . N d Hco-gr«£iSS L T WifcSffli 



tlX^l (0Ulf. &f3W8-8 5 84 9WP§0 . 
[000 5] <rft.£><7)W. Co£gs&DU:#fU'> 
7x7-f h^$r®S!«jt%t LX®m?h®H;lz-mtc 

wmn\z^xi>WL$><wmzixx^& mm. ® 

IST9-1 229 7 1 . 

[00063 u>>u 7x74vmmi*®&m® 

b l/tflWH*&*£fcli» tfHilf . rscience and Tech 
nolgy of Welding and Joining, 1996, Vol.1. No. 1, p. 36 

~42j K^sft-a^idK. m®mfrnm®mm 

•e^U-7-^S*<2 0%feLht>ffiT-fl». V^SHA 

z <wbb*jWS£ hz\ttf£<%\t>tix^h. 

[0007] HAZftffcfcOWtfct fflitf. r J$&^ 
mi 5g »4# . P.664-673j IC^SilT 

izm^titemm&tz t^orna*. <§ktm m 

77* ®4^ p. 582-589 j iZ^tlX^l £o IZ. 
A C 1 3t»j£it±totoSRS tUzWSKZ. I h b V i3 

[0008] ^LT. «*o£&^£jSanrf 

TV^S. flitf, #H¥5-4 3 986-f&f8lC{i. c 

U Cumuli «!«BIfl6fflSW)attffiTtiB< . 
[ 0 0 0 9 ] - 2 4 2 9 3 5-f4MIK»B 

8-134 5 84^fSI=li. Ti, Zr. Ta. Hf 

«o o hfrhmftirz 1 g£ fcli 2 mt£#Sufctt-i: L 
Tasam-4 fc t tic i#i^7aR<?)UMfcft+<o*«* 

MI8LJt«li:*<0Wt*ife*«Sa$iiTV^. LfrU 
T i . Z r . Ta , H f <08Hmli. «Jtf»»iMteffiTS 
tf*. *<o«Jt*i6li, 1$S$r«i£frffiTft*fc 

[00 10] 

imm&ixib-tzmM] *i&»ob«i±, s» 

7^ MRBSKW^Jitt-rSii: lifts. 
[00 11] 

[00 1 2] £-f. HAZRfl^jRIi, <X<0»H»T4t 

J: U -7^^i§ST. a*^^t%*^ L 
ifeft, iWB)W--f ^^*»t*vvft»a«»HAZ«cfl: 
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[00 13] *IT. ±»f)««=»^*, *CDHAZ 

Kih<;<i. (i) mm&Fttb'8*&Bumtomi9i 
mt. mtmizmmt&mxzstmnmim-tz 

fc. (2) jfflfflRICV, NbfcVV>fc«ffl*>oIISiM»< 
C r^ttJ: *) b«vi££*jK • gtt (JtftML gfc 

ftttWWi. (1) »«f?0>tt*MW'{;:* 
4*l4©g (Wfig) 0 . 5/imJ3Lt*>K • 
tfm&ilO* i/rami fclTi: (2) Cr 

ftmkOfcJSa-CSJgfcV, NbT'C. N*©r*-* 
fcft. 3« r V+ 2 N b i 0 . 015Crj &ffifc-?KH 

i^»ti - 1 fcct o h a z •cam&i&Tm± l 

[0014] ±EWlaiftK«-^V^T3S3fi$^**^ 
KBUt. Tfe^7x7^f hSHJRMI::**. 
[0 0 15] Hfi%T\ C : 0. 0 3-0. 18%. S 
i : 1%OT\ Mn : 2%JjlT, P : 0. 0 2 5%W 
T. S : 0. 0 1%OT. Cr : 1-1 5%. N :'0. 
0 05-0. 08%, Nb : 0. 002-0. 1 5 
%. V : 0. 0 0 5-0. 5%, A 1 : 0. 0 2%Iil 
T. 0:0. 0 2%WT££*. SMWiSHIIWtFeJ: 
O^rO. **oTK<0(l) «fc»fcU ®Wz$ 

[00 16] 

V+2Nb^o. 0 1 5C r • • • • (1) 
A (««%) fcSflefS. 

[0017] JJB*JM^) 7 x y-f h&ffl&Mlt. TIE 
O-f -a.<7)77u-7V) 3 %frt>Wx\ititz 1 4 fcti 2 / 

[0 0 18] 4 : Mo : 0. 0 1 -5%4£{i/fcJ:tf 
W: 0. 0 1-5%, 

D : N i : 0. 0 1-5%, Cu : 0. 0 l~5%i>«fc 
l>*Co : 0. 0 \ -5%cr>ohi)^miiXi-zimttz\,i 

2»a±. 

A: B : 0. 0005-0. 0 1%, 
r.:REM:0. 0005—0. 01%. 
*:Ca:0. 0005-0. 0 l%ttz\t/tii.W 
g : 0. 0005-0. 0 1%. 
>\: Zr : 0. 0 0 5-1%. Ti : 0. 00 5-1 
%. Ta : 0. 0 0 5— 1%. Hf : 0. 00 5-1% 
SJrtfNd : 0. 0 0 5-l%O3*>^4>3StfiX^ia 
4fctt2WSU:*^H-rO. 0 0 5-1%. 
[00 19] 

ifm<?)9m<mm] jut. *%Bjco7x7^f h&w& 



[0020] C : 0. 03-0. 18% 
-CJ>4. d<ryMk&ftWZlt&t.ztb\zttO. 0 3%ULL 

Ofcft. ±PB£0. 1 8%fcL*:. ff*U*EHtt0. 
0 5-0. 1 5%T'&4„ 
[ 0 0 2 1 ] S i : 1 %tlT 

s m. wmmzwmmt Lxmrnztihtf. wm. 

8SiJlHi^y-7 , IMfc*Jj:lf|lttOffl!TfeiB<. Cicofc 

±ma%bUc. #*uvJjwio. s%xh 

4^(C(iO. 0 3%ULht-r4O^ e fcV^. 
[0022] Mn : 2%iilT 

Mnii, ±ieos i t^ttt. mmtmstTimt ix 

%tL7t. ff4U\tKlil. 8%T$>S„ &i>. TER 

0 3%Ulhfct4<0#M:K 
[0023] P : 0. 0 2 5%&T 
P{i. fl+fc**ft.ft*tt*7SR'C* 0 . j§fl(c-£4ft 

0 2 5%fcU:. P*«ttftJWitfffiv^Bif*F 
4U\ 

[0024] S : 0 . 01 %WT 

s«i. ±ia<7)Pi:i5i«{c. m^z^ttih^ymimx 

ft, <rO±B&£0. oiXfcU:. S**»ifi 
[0025] Cr : 1-1 5% 

l%JiLh*^TJ>4. L*>U. iAMffiMiXa-Coa 

7-3$ft«0fKTSr*S< . Cr£#»±l~15 
XkLfc. »4UMKHttl • 1-13. 5%T?>4. 

titii, m®m\zcrmm*±frt?h®k%8.m 
Mz^x~mmi. HAzmtvwmmimb* 

4. Cr^tlli, SftW-iv. Nbfcco^ 

[0026] N : 0. 005-0. 08% 

Nti. sMtmjMis 9^)-rm.mwsk\zm-th 
jtmxhh . c:o^s-'#47 ,k v:ft(c{io . o o 5%at 
tfrnxh*. w>u mb<mmm\m<?ffiM!c£ 

m. frliX?V-zr%&*m%o. N£ 
«tt0. 005-0. 08%i:Uc. »4Lv«H(i 
0. 008-0. 07%T'$>4. 
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[0027} Nb : 0. 002-0. 1 5% 
N bte, ftff&Jtt ■ OJbfe&ttftU ? 'J-TSfigO|i] 
±lCg-5--fl>7tfll?$>l>. ,Ic7)8!)3i£ftg>*:WCiiO. 
0 0 2XJa±jWWC**. 4fc. Nbll jt^fros 

o. 1 5%imtx&Ginthb. ®%m<?>mMWz 
®*.%mwiwfti£ti x o o . h a zmt<r>m± 

SffiTSrlS<. :«fcK>, Nb^*S«iO. 0 0 2- 
0. 1 5%bLtz. B&UUOKiO. 0 0 5-0. 1 
2%-CJ>S. 

[00 28] V : 0. 00 5-0. 5% 

v(i, ±ie^NbtPi«{c. mm^«fm>t>cmi^ 

fcttliHAZecfcfcfiftitf*. .Itf#fc££f**fc*>fc: 

tmth c r , n b t <wM&*mixt£&tft> 

*. U&>U Cl<D c fc3 : 5:fiJ£$-#-f!>V{,0. 5%fcH 
it***-** i^<0#tf*Wcffl^ftfcfta« 
Wrt-6J:3t«r9. HAZfffl^jh3tMW*fc*i* 

v**»io. 005-0. 5%tL?t. a 

*U^EWi0. 008-0. 4 5XT*4. 
[00 2 9] A 1 : 0. 0 2%OT 
A 1 li. raSPIfc LTSaDSfii**. j§S<JOiMi»# 
**>ffiT£ffl<. **)±«£0. 0 2%tL 

fc. #*U\JJ8M:0. 0 1%T'$>6. fcti. Tffili# 
WBftftv^. JMKftft*«!tfcft*fcti>fc<*0. 0 0 

[00 30] O (WR) : 0. 0 2%JTF 
O (BX) t4. «l+fc:***i*^tt«5c*'CJbO. 3M 
Jc*4<t*kil»KoftTtJB< t b i> \z? 
OffiTSrfa<. -?-<0±RSS-0 . 0 2%tL 

[0031] ^fflo&ttM't'aft • mm<n-k% $ t 
HAZRflawttarKMj-kjt^ftfcK • mitm® 



+«ttft 0. 5/zmJ3Lh<0«-fift»O» 
ai®Jg£l 0WmmWi-f£<#ga { £>&. 

[0032] £80 . 5ximJa±»K • fiMBBW) 
[0033] v. NbfcJ:tfCr<o|!Bffi:|?aU:J:3 

HAzscft^co-sti. mwamzmmix 

J8!B»ir-f^^« , »t«rv^ft»|p{»HAZ«ft3&«* 
HfcV, N b i: ^ofc«Wj&offl*Sfl»*C rMii 

o ■ mmzm as 

r«4tK. ^ TV+2NbS0. 0 15CrjS:)l 
[0034] *JHS«?i?'f JJBWft 

[0035] Mo. W : ZilhcOTxMit, maLKt<X 
JSSWtr 6 1 i: fc fc£«3Hfc£**Ufffl U ^ 'J 

T»LTtJ:<, ^-(0S*S(4V^O7cSt0. 0 1 
XiaJtTiHFt**. L*^L, V^<07C«t,5%^S 

•fixtO. 0 l-5%ftl»<?)*Uv\ ^rfi. Mo Co 

[0036]Ni,Cu.Co: Clil^(307cX{i. gsjp 
L*<Tt>J:v\ iSintittf. v^-fn^Tc^t^-xf 

j bmmmzixm&t:fo±2itz><7)iz^%)Zjimx' 

£xm\iixi>£<. *<7wmt^-rti<7>7tmi> o . o 
i%v±xmmz%h. vvnu7)7cijii5%£ 

cijst) srffiT§-t*-, ®immmmz*-XT-M v% 
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Hffthi^C0ZtihjxM^>^mt. Wf*lt>0. 01 

[0037] B : B<i. j$5!jDL&<Ti>«J:^. ffiHttl 
■&MtmalX{>£<. -e-cO^iO. 0005%Iilh 

•CPgfcSrS. L*>U 0. oi%z&t&mi<7)mn 
um&mtco. Wot, »-rs^oB^w 

4(20. 000 5-0. 0 l%fc-f S^tfJ:^. 
[00 38] REM : REM (ft±»7cJ|S) ti, »L 

6fctttttaUT<>J:<. *<O3WW40. 000 5%UIL 

■maft*&. u*»u o. o i%$mihmi<r>ma 

EM*#»40. 000 5-0. 0 l%t-t5<0* { J: 
[0039]Ca,Mg: ZiXh^lxMit. Mal%< 

Xl>Jz\>\ mntttiii. VYffto^if»ia!jDltt<oi6i 



•ct«t<. -e<^^(iv^(07c^{,o. ooo5%w 

iTSHffcfc*. L*»U irvfftOTcSgkO. 0 1%£ 

m^rim^cozti t> 7c3t<o#«<iv ^to. o o 

0 5-0. 0 l%tth<7ii}<X^. 
[0040] Zr. Ti, Ta. Hf, Nd: ZtlbO 

< , *O$MMi0 . 0 0 5%ja±<oait*w*cs»fc 
»rt&^£^ft^<9^o##»i-^ro. oo 

5-l%fctS<W<J:V\ 
[0041] 

[sum ft i fc**fWi«**rt-* 2 4 a«c7)7 x 

<t ■JStffcJiaBLfcfiL 9 0 0-1 2 0 o-cxo. 1- 
l»!rHto)ll*$:£U5fc. 7 0 0-7 8 0 , CxO-3l$ 

[0042] 

[*1] 



ft 



a 1 



Na 


c 


Si 


lb 


P 


s 


Cr 


Kb 


Y 


N 


Al 


0 


R 


iio 


Ni 


Cm 


Co 


B 


REN 


Ca 






A 


0.07 


0.69 


0.89 


0.009 


0.008 


11.98 


0.041 


0.271 


0.024 


0.018 


0.003 


2.03 


0.54 


0.51 


0.89 














3 


0.09 


0.35 


0.30 


0.011 


0.005 


9.65 


0.082 


0.183 


0.020 


0.020 


0.005 


0.01 


0.97 


0.03 




002 


0 002 










C 


0.08 


0.51 


1.88 


0.008 


0.007 


9:18 


O.OS 


0.213 


0.018 


0.017 


0.006 


3.21 




0.01 




2.98 








0.003 


Hd:0.05 


0 


0.10 


0.64 


0.96 


0.012 


0.006 


5.09 


0.009 


0.072 


0.024 


0.018 


0.007 


1.96 


0.60 


0.32 


1.03 


0.01 










Ti!0.20 


E 


0.15 


0.74 


0.12 


0.015 


0.006 


1.26 


0.002 


0.028 


0.036 


0.021 


0.004 




0.42 


0.05 








0.002 








F 


0.12 


0.56 


1.04 


0.010 


0.006 


2.31 


0.018 


0.004 


0.014 


0.015 


0.005 




0.33 


0.O8 


0.05 








0.001 






G 


0.11 


0.21 


0.52 


0.009 


0.008 


7.56 


0.080 


0.011 


0.023 


0.016 


0.006 


0.01 


0.01 


0.05 


1.58 


0.02 










Ta:0.49 


H 


0.04 


0.47 


0.53 


0.015 


0.010 


10.05 


0.012 


0.132 


0.076 


0.011 


0.007 


3.01 


0.01 


0.02 


002 


4.87 








0.001 




1 


0.05 


0.16 


0.72 


0.009 


0.008 


13.30 


0.045 


0.179 


0.069 


0.015 


0.007 


0.01 


2.05 


4.69 


0.06 










0.001 




J 


0.13 


0.35 


1.19 


0.010 


0.009 


9.14 


0.031 


0.171 


0.019 


0.015 


0.005 


3.17 


002 


0.03 


3.67 






0.003 






Nd:0.05 


K 


0.09 


0.32 


0,72 


0.014 


0.005 


1.09 


0.008 


0.003 


0.031 


0.011 


0.006 






















L 


0.09 


0.27 


0.93 


0.011 


0.004 


14.46 


0.147 


0.002 


0.080 


0.016 


0.006 


0.01 


1.26 


0.11 




0.01 












M 


0.12 


0.39 


0.52 


0.024 


0.006 


9.64 


0.003 


0.480 


0.049 


0.018 


0.0O7 


0.05 


0.19 




0.01 


0.01 








0.002 




N 


0.09 


0.59 


0.89 


0.013 


0.005 


8.13 


0.010 


0.141 


0.052 


0.050 


0.008 


1.55 


0.47 


0.81 


0.02 




0.003 








Ta:0.34 


0 


0.13 


0.45 


1.52 


0.012 


0.007 


8.97 


0.032 


0.060 


0.041 


0.013 


0.003 


1.87 


053 


0.30 


0.88 


0.02 




0.001 


0.001 






P 


0.15 


0.04 


0.53 


0.011 


0.006 


9.43 


0.005 


0.002 


0.055 


0.022 


0.002 


1.55 


0.15 


0.51 


0.96 


0.05 












Q 


0.07 


0.35 


0.86 


0.013 


0.003 


2.17 


0.002 


0.002 


0.036 


0.013 


0.005 






0.48 


0.52 














R 


0.10 


0.41 


1.47 


0.010 


0.008 


5.16 


0.011 


0.009 


0.014 


0.009 


0.004 






0.01 


0.02 




0.002 










S 


0.18 


0.23 


0.42 


0.009 


0.005 


10.15 


0.005 


0.120 


0.032 


0.010 


0.008 


2.16 


017 


0.31 


0.89 










0.001 




T 


0.05 


0.08 


0.35 


0.012 


0.004 


12.41 


0.012 


0.151 


0.041 


0.012 


0.0O3 


1.48 


0.25 




1.06 


0.08 












U 


O.OS 


0.65 


0.41 


0.015 


0.004 


9.16 


0.041 


0.148 


0.074 


0.010 


0.006 


0.02 


0.97 


0.11 




0.11 




0.004 






Ti:0.22 


V 


0.10 


0.44 


118 


0.023 


0.0O7 


1.26 


0.010 


0.008 


0.029 


0.015 


0.007 


0.07 


0.47 


0.01 




0.53 












w 


0.07 


0.36 


0.78 


0.007 


0.006 


7.34 


0.044 


0.539 


0.025 


0.Q24 


0.005 


0.41 


0.01 


0-14 


002 


0.02 


0.001 




0.001 






X 


D.04 


0.10 


0.13 


0.012 


0-003 


9.56 


0.171 


0.241 


0.0D9 


0.014 


0.006 


2.41 





















[0043] mz. wm.nimzfijg.i o- , iv-yy 



x4 XJIS 1 mm<9lHSfcim*ttLT3&£;b*fca» 

izwzm&mmzft'ix. zmmm&mm 

-e^H. tt&Affilil 0-2 Ok J/crat 
±l£«nttfi. ¥fl Ltzmmz»max t ttfittnx 



4 I 
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[0044] S33§Uv:ig«il8^«C. 7 0 0~7 6 0X:x 

U *y-:TK«fc«LT*'J-7WBWni (h) £P 
HJtLfc. 7y-7KIKaSHi. 6 0 0-C. ttflMSWi 



[0045] 
[£2] 



fia 




m . & ly to sfe * 


tt K ■» M (h) 


fife Mr B£ M 1+ 
flK HM JH| 


Na 


-0 015Cr 


( il / m m 2 ) 

V Id f III III J 










0 173 3 


1 21 300 


3 ft /M 


351 o 


Q7 


Q 
D 


o ?n??5 

U « C\J C C J 


54 1 00 


one j 


0 ft 1 0 

to i y 


Q9 

9 £ 


c 


(1 1 c: 1 3 

U . 1 3 1 J 


263300 


7QOC 
£3 Do 


£ by y 




n 


n n 1 3 R5 


4561 00 


Jul 
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